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The synthetic, spectroscopic, and biological studies of sixteen ring-substituted 4-phenylthiosemicarbazones and 4-nitrophenyl-
thiosemicarbazones of anisaldehyde, 4-chlorobenzaldehyde, 4-ﬂuorobenzaldehyde, and vanillin with ruthenium(III) and
rhodium(III) chlorides are reported here. Their structures were determined on the basis of the elemental analyses, spectroscopic
data (IR, electronic, 1Ha n d13C NMR) along with magnetic susceptibility measurements, molar conductivity and thermogravi-
metric analyses. Electrical conductance measurement revealed a 1 : 3 electrolytic nature of the complexes. The resulting colored
products are monomeric in nature. On the basis of the above studies, three ligands were suggested to be coordinated to each metal
atom by thione sulphur and azomethine nitrogen to form low-spin octahedral complexes with ruthenium(III) while forming dia-
magnetic complexes with rhodium(III). Both ligands and their complexes have been screened for their bactericidal activities and
the results indicate that they exhibit a signiﬁcant activity.
Copyright © 2007 Vinod K. Sharma et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.
1. INTRODUCTION
The synthesis and structural investigations of thiosemicar-
bazones and their metal complexes are of considerable cen-
tre of attention because of their potentially beneﬁcial phar-
macological properties and a wide variation in their modes
of bonding and stereochemistry [1–3]. Coordination chem-
istry of mixed hard-soft NS donor ligands is a ﬁeld of
current interest. The most important factor in this objec-
tive is probably the design of ligands with an appropri-
ate structural backbone. Thiosemicarbazones that are most
widely studied are sulphur and nitrogen consisting lig-
ands [4, 5]. Besides, thiosemicarbazones have emerged as
an important sulphur containing ligands in the last two
decades[6–9].Therealimpetustowardscoordinationchem-
istry is the wide range of biological properties depend-
ing on parent aldehyde or ketone including antitumour
[10, 11], antibacterial, and antifungal [12, 13]p r o p e r t i e s
as well as their physicochemical eﬀects [14, 15]. In ad-
dition of this, they have been screened for their medic-
inal properties because they possess some cytotoxic ef-
fect. They also stabilize uncommon oxidation states, gen-
erate a diﬀerent coordination number in transition metal
complexes in order to participate in various redox reac-
tions [16, 17]. It is well known that several metal ions en-
hance and modify the biological activities of thiosemicar-
bazones, the new metals to such a list are ruthenium [18]
and rhodium [19]. Much attention has been drawn towards
the chemistry of ruthenium [20, 21]a n dr h o d i u m[ 22]i n
diﬀerent coordination spheres. Due to diﬀerent oxidation
states of ruthenium and rhodium their reactivity depends
upon stability of oxidation states. In view of this ruthe-
nium(III), thiosemicarbazones with nitrogen and sulphur
as donor atoms have been found to be very eﬃcient cat-
alysts in the oxidation of alcohols and alkenes [23]. With
the growing interest of thiosemicarbazones of ruthenium
and rhodium metal ions, here we report the synthesis, char-
acterization, and biological activities of the ruthenium(III)
and rhodium(III) thiosemicarbazones obtained by conden-
sation of the ring-substituted 4-phenylthiosemicarbazide
and 4-nitrophenylthiosemicarbazide with anisaldehyde, 4-
chlorobenzaldehyde, 4-ﬂuorobenzaldehyde, and vanillin. Bi-
ologicalactivitiesofthecomplexesandligandshavealsobeen
carriedoutagainstbacteriaBacillussubtilisand Pseudomonos2 Bioinorganic Chemistry and Applications
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Figure 1: Structure of the thiosemicarbazone ligands.
aeruginosa in vitro. The ligands used in the study are of the
type depicted in Figure 1.
2. EXPERIMENTAL
2.1. Materials
RuCl3 ·3H2Oa n dR h C l 3 · 3H2O and other chemicals were
purchasedfromMerckandLobachemie,Bombay,India,and
were used without further puriﬁcation.
The antibacterial activity of the ligands and their com-
plexes were tested by using paper disc diﬀusion method [24]
against Bacillus subtilis and Pseudomonas aeruginosa.N u t r i -
ent agar medium was prepared by using peptone, beef ex-
tract, NaCl, agar-agar, distilled water, and 5mm diameter
paper discs (whatman No.1) were used. The test organisms
were dissolved in ethanol to a concentrations of 1000 and
500ppm and soaked in ﬁlter paper discs of 5mm diameter
and 1mm in thickness. These paper discs were kept in a petri
dishes(wellsterilized)previouslyseededwithtestorganisms.
The plates were incubated for 24–30 hours at 28 ± 2◦C. The
zone of inhibition was calculated in mm carefully. Strepto-
mycin was used as standard. The composition of test media
is the factor, which often exerts the greatest eﬀect upon the
drug activity. This is particularly true in the case of thiosemi-
carbazones.
2.2. Synthesisoftheligands
4-phenylthiosemicarbazide and 4-nitrophenylthiosemicar-
bazide were prepared from the appropriate amines by us-
ing a standard method [25]. The thiosemicarbazone ligands
(Figure 1)werepreparedbyequimolarquantitiesof0.02mol
ofeachanisaldehyde(2.72g),4-chlorobenzaldehyde(2.80g),
4-ﬂuorobenzaldehyde (2.48g) and vanillin (3.04g) in
10mL ethanol with an ethanolic solution (25mL) of 4-
phenyl thiosemicarbazide (3.34g, 0.02mol)/4-nitrophenyl-
thiosemicarbazide (4.24g, 0.02mol). The reaction mixtures
were then reﬂuxed on a water bath for 1 hour. Few drops of
aceticacidwereaddedduringreﬂux.Asprecipitateappeared,
the reaction mixture was allowed to reﬂux more along with
stirring for 2 hours. The residue formed was separated out,
ﬁltered oﬀ, washed several times with water, recrystallized
from ethanol, and ﬁnally dried in vacuo over fused calcium
chloride. The proposed chemical structures of the thiosemi-
carbazone ligands are known to be in good agreement with
the ratios concluded from analytical data (see Table 1).
2.3. Synthesisofthecomplexes
[M(L)3]Cl3 (M = Ru(III), Rh(III); L = HAPT, HCBPT,
HFBPTandHVPT)
Hydrated RuCl3 (0.261g, 0.001mol) and RhCl3 (0.263g,
0.001mol) in ethanol (10mL) were heated, then metal
trichloride solution was suspended in 0.003mol of each lig-
and viz. HAPT (2.56g), HCBPT (2.60g), HFBPT (2.45g),
and HVPT (2.70g) in ethanol (20mL). The reaction mix-
tures were reﬂuxed for 9–12 hours. The precipitates formed
were cooled, ﬁltered oﬀ, and washed with hot water, hot
ethanol, and ﬁnally with diethyl ether, and dried in vacuo
over fused calcium chloride. The yields were 60–70%.
[M(L)3]Cl3 (M = Ru(III), Rh(III); L = HANPT, HCBNPT,
HFBNPTandHVNPT)
Hydrated RuCl3 (0.261g, 0.001mol) and RhCl3 (0.263g,
0.001mol) in ethanol (10mL) were suspended in 20mL
ethanolic solution of the ligands viz. HANPT (2.97g),
HCBNPT (3.00g), HFBNPT (2.86g), and HVNPT (3.11g).
The reaction mixtures were heated for few minutes, one
equivalent of ethanolic solution of the NaOH was added and
thereactionmixtureswerereﬂuxedfor9-10hours.Thecom-
pound, which was precipitated out, was ﬁltered oﬀ, washed
with water, cold ethanol, and diethyl ether, and dried in
vacuo over fused calcium chloride. The yields were 60–76%.
2.4. Analyses
Microanalyses were performed at Elementar Vario III Carlo
Erba 1108 in Central Drug Research Institute, Lucknow, In-
dia. IR spectra of the ligands and their complexes have beenVinod K. Sharma et al. 3
Table 1: Analytical data for the ligands and their Ru(III) and Rh(III) complexes.
Compounds
M. wt.
found
(calcd.)
Yield (%) Color
Analysis: found (calcd.)%
μeﬀ BM
C H N Cl/F S M
HAPT 285 70 Pale yellow 63.0 5.0 14.2 — 11.0 — —
(285) (63.1) (5.2) (14.7) (11.2)
HANPT 328 72 Yellow brown 54.3 3.9 16.2 — 9.5 — —
(330) (54.5) (4.2) (16.9) (9.6)
HCBPT 288 70 Cream yellow 57.8 3.9 14.0 12.0 11.0 — —
(289) (58.1) (4.1) (14.5) (12.1) (11.0)
HCBNPT 332 75 Yellow 49.0 3.0 16.2 10.0 9.3 — —
(334) (50.2) (3.2) (16.7) (10.4) (9.5)
HFBPT 271 74 Yellow 61.0 4.0 15.0 6.2 11.4 — —
(273) (61.4) (4.3) (15.3) (6.9) (11.7)
HFBNPT 317 75 Yellow 52.6 3.0 17.2 5.4 10.0 — —
(318) (52.8) (3.4) (17.6) (5.9) (10.0)
HVPT 300 75 Yellow brown 59.1 4.7 13.8 — 10.4 — —
(301) (59.7) (4.9) (13.9) (10.6)
HVNPT 345 75 Yellow 51.5 3.8 15.9 — 9.2 — —
(346) (51.9) (4.0) (16.1) (9.2)
[Ru(HAPT)3]Cl3
1062 68 Greenish brown 50.2 3.9 11.6 9.6 9.0 9.2 1.08
(1063) (50.7) (4.2) (11.8) (9.8) (9.0) (9.5)
[Ru(HANPT)3]Cl3
1196 60 Black 44.9 3.2 13.8 8.5 8.0 8.2 1.88
(1197) (45.0) (3.5) (14.0) (8.7) (7.9) (8.4)
[Ru(HCBPT)3]Cl3
1075 60 Brown 46.4 3.0 11.2 19.3 8.9 9.0 1.89
(1076) (46.8) (3.3) (11.7) (19.5) (8.6) (9.3)
[Ru(HCBNPT)3]Cl3
1210 62 Black 41.3 2.5 13.2 17.1 7.9 8.0 1.78
(1205) (41.6) (2.7) (13.8) (17.3) (7.6) (8.3)
[Ru(HFBPT)3]Cl3
1026 60 Dark brown 48.0 2.6 12.0 10.0 9.3 9.2 1.80
(1027) (49.1) (3.5) (12.2) (10.2) (9.3) (9.8)
[Ru(HFBNPT)3]Cl3
1160 60 Black 43.1 2.6 14.2 8.8 8.2 8.4 1.90
(1162) (43.4) (2.8) (14.4) (9.0) (8.0) (8.6)
[Ru(HVPT)3]Cl3
1110 60 Brown 48.2 3.7 11.1 9.2 8.6 8.9 1.68
(1111) (48.6) (4.0) (11.3) (9.4) (8.5) (9.0)
[Ru(HVNPT)3]Cl3
1243 65 Black 43.0 3.1 13.2 8.2 7.7 7.9 1.70
(1245) (43.3) (3.3) (13.4) (8.4) (7.2) (8.1)
[Rh(HAPT)3]Cl3
1063 70 Orange brown 50.2 3.9 11.2 9.4 9.0 9.0 —
(1065) (50.7) (4.2) (11.8) (9.8) (8.9) (9.5)
[Rh(HANPT)3]Cl3
1196 65 Maroon 44.8 3.3 13.9 8.5 8.0 8.2 —
(1198) (45.0) (3.5) (14.0) (8.7) (8.0) (8.5)
[Rh(HCBPT)3]Cl3
1076 60 Brown 46.5 3.0 11.2 19.2 8.9 9.3 —
(1077) (46.7) (3.3) (11.6) (19.4) (8.4) (9.5)
[Rh(HCBNPT)3]Cl3
1211 65 Brown 41.2 2.4 13.3 17.1 7.9 8.2 —
(1213) (41.5) (2.7) (13.8) (17.3) (7.4) (8.4)
[Rh(HFBPT)3]Cl3
1028 62 Rusty brown 48.9 3.1 11.8 10.0 9.3 9.8 —
(1028) (49.0) (3.5) (12.2) (10.2) (9.0) (10.0)4 Bioinorganic Chemistry and Applications
Table 1: continued.
Compounds
M. wt.
Found
(Calcd.)
Yield (%) Color
Analysis: Found (Calcd.)%
μeﬀ BM
C H N Cl/F S M
[Rh(HFBNPT)3]Cl3
1162 62 Brown 43.1 2.6 14.3 8.9 8.2 8.6 —
(1163) (43.3) (2.8) (14.4) (9.0) (8.1) (8.7)
[Rh(HVPT)3]Cl3
1112 60 Maroon 48.4 3.9 11.2 9.3 8.6 9.0 —
(1113) (48.5) (4.0) (11.3) (9.4) (8.3) (9.1)
[Rh(HVNPT)3]Cl3
1244 68 Blackish brown 43.1 3.2 13.2 8.2 7.7 8.0 —
(1245) (43.3) (3.3) (13.4) (8.4) (7.2) (8.1)
recorded in KBr pellets at Shimadzu FTIR 8201 spectropho-
tometer in 4000–200cm−1. Electronic spectra of the com-
plexes were recorded in CHCl3 with a Perkin Elmer Lambda
15UV/Vis spectrophotometer. 1Ha n d13CN M Rw e r eo b -
tained with a Bruker DRX 300 spectrometer in CDCl3 using
TMS as standard. Sulphur was estimated gravimetrically as
BaSO4.ThepercentageofnitrogenwasestimatedbyKjeldahl
method. Magnetic susceptibility measurements on powder
form of the complexes were recorded with a Gouy’s balance
by using mercuric tetrathiocyanato cobaltate(II) as a cali-
b r a n ta t2 5 ◦C. Molar conductance was carried out in 10−3 M
solutionofDMF.Thermogravimetricanalyseswereobtained
at 10◦Cm i n −1 in the 25–750◦C using a Shimadzu TGA-50 H
analyzer. A standard method was used for determining metal
ions and chlorides volumetrically and gravimetrically [26].
3. RESULTS AND DISCUSSION
The complexes were synthesized by reacting ligands with
metal ions in 3 : 1 molar ratio in ethanolic medium. Thi-
osemicarbazones were expected to behave as a bidentate with
sulphur and nitrogen as donor atoms or coordination sites
(see Figure 2). The present thiosemicarbazone ligands exist
as the thione form since it has −NH−C=S thioamide group;
although, in many instances, thiol form or equilibrium mix-
ture of both forms has been observed in thiosemicarbazones.
All the ruthenium(III) complexes being d5 (low spin), S =
1/2 behave as paramagnetic and rhodium(III) complexes be-
ing d6 (low spin), S = 0 act as diamagnetic. The analyti-
cal data, magnetic susceptibility, and spectral analyses agree
well with the proposed composition of formed complexes.
All the complexes have shown good solubility in all the com-
mon organic solvents but were found insoluble in ether, wa-
ter, acetone, and benzene. All the complexes are amorphous
powder, stable at room temperature and do not show any
decomposition on standing for several months. The molar
conductance of the complexes in DMF lies in the range 280–
315Ω−1cm2mol−1 indicating their electrolytic behavior and
conﬁrms the ionic nature of the chloride ion. Thus the com-
plexes may be formulated as [M(L)3]Cl3 (where M = Ru(III),
Rh(III); L = HAPT, HANPT, HCBPT, HCBNPT, HFBPT,
HFBNPT, HVPT, and HVNPT).
The presence of chloride ions in outer sphere was tested
bothqualitativelyandquantitativelyandfoundverypositive.
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Figure 2: Suggested structure of the complexes.
4. INFRARED SPECTRA
The tentative infrared absorption frequencies of the ligands
and their metal complexes along with their assignments are
listed in Table 2. The ligands can act either in keto or in eno-
lic form, depending upon the conditions (e.g., pH of the
medium, oxidation state of the metal ion). All physicochem-
ical properties of the complexes support bidentate chelation
of the ligands by the azomethine nitrogen and by thione sul-
phur. This fact was further supported by the bands includ-
ing azomethine nitrogen ν(C=N) at 1610–1594cm−1 in lig-
ands and the lowering of this band in complexes results in
chelation of the nitrogen to metal ion [27, 28]. A medium
band at 1030–1020cm−1 which is assigned to ν(N−N) in
ligands is shifted to the higher frequency in the spectra of
all complexes. This kind of shift on hydrazinic nitrogen de-
scribed the presence of electron withdrawing substituents
[29]. However, in metal complexes the band shifts to higher
wave number and splits, which is probably the result of the
increase in the multiplicity of the C−N bond. A strong bandVinod K. Sharma et al. 5
Table 2: Infrared spectral data (cm−1) of the ligands and its complexes. s = strong, m = medium, w = weak.
Compounds Assignments
ν(N−H) ν(N−N) ν(C=N) ν(C=S) ν(M−N) ν(M−S)
HAPT 2831 s 1030 m 1594 s 827 s — —
HANPT 2832 s 1022 m 1600 s 860 s — —
HCBPT 2830 s 1020 m 1594 s 862 s — —
HCBNPT 2835 s 1028 m 1595 s 872 s — —
HFBPT 2840 s 1030 m 1610 s 830 s — —
HFBNPT 2835 s 1020 m 1595 s 870 s — —
HVPT 2842 s 1026 m 1605 s 860 s — —
HVNPT 2840 s 1022 m 1610 s 830 s — —
[Ru(HAPT)3]Cl3 2831 s 1036 m 1580 s 820 s 520 m 440 s
[Ru(HANPT)3]Cl3 2831 s 1030 m 1590 s 850 s 560 m 460 s
[Ru(HCBPT)3]Cl3 2830 s 1030 m 1585 s 852 s 535 s 400 s
[Ru(HCBNPT)3]Cl3 2834 m 1035 m 1580 s 860 s 520 m 430 s
[Ru(HFBPT)3]Cl3 2841 m 1040 m 1600 s 820 s 525 w 410 m
[Ru(HFBNPT)3]Cl3 2835 s 1025 m 1585 m 860 s 530 m 450 m
[Ru(HVPT)3]Cl3 2842 s 1032 m 1590 m 850 s 545 m 430 m
[Ru(HVNPT)3]Cl3 2841 s 1033 m 1600 s 820 s 560 m 435 s
[Rh(HAPT)3]Cl3 2830 m 1035 m 1580 s 820 s 520 m 430 w
[Rh(HANPT)3]Cl3 2832 s 1032 m 1589 m 840 s 530 w 450 w
[Rh(HCBPT)3]Cl3 2831 m 1032 m 1580 s 850 s 540 w 445 w
[Rh(HCBNPT)3]Cl3 2836 s 1035 m 1585 s 855 s 560 w 418 m
[Rh(HFBPT)3]Cl3 2841 s 1038 m 1600 s 820s 545 m 415 m
[Rh(HFBNPT)3]Cl3 2835 w 1028 m 1580 s 860 s 542 m 425 s
[Rh(HVPT)3]Cl3 2842 s 1036 m 1592 m 845 s 535 m 435 s
[Rh(HVNPT)3]Cl3 2841 s 1030 m 1598 s 820 s 532 m 440 m
at 872–827cm−1 in ligands is mainly due to the ν(C=S)
stretching vibration which shifted towards lower frequency
and occurred at 860–820cm−1 in metal complexes indicat-
ing the coordination of thione sulphur to metal atom [30].
This also described a considerable change in bond order and
a metal-sulphur bond. As the ν(S−H) band also remains ab-
sent, this conﬁrms thione form of the ligand. In ligands as
well as in complexes, the peak of ν(N−H) has been observed
at 2842–2830cm−1, which described no prominent change
hence,deprotonationofligandswasnotobserved. Sharpand
strong bands in continuous study of the spectra were ob-
served as prominent peaks as ν(M−N) [31], ν(M−S) [32]a t
560–520 and at 460–400cm−1,r e s p e c t i v e l y .
5. ELECTRONIC SPECTRA
All of the formed complexes have been found to be in +3
oxidation state. Ruthenium(III) complexes act as paramag-
neticoneandrhodium(III)complexesarediamagnetic.Elec-
tronic spectral data are given in Table 3. The ground state
of ruthenium(III) is 2T2g and the ﬁrst excited doublet lev-
els in order of increasing energy are 2A2gand 2T1gwhichare
known to arise from t2g
4e1
g conﬁguration [33]. The ruthe-
nium(III) complexes display electronic spectra with transi-
tion at 13500–14000cm−1, 17240–18300cm−1, and 23280–
23800cm−1 which may be assigned to 2T2g → 4T1g, 2T2g →
4T2g,a n d2T2g → 2A2g, 2T1g in increasing order of energy.
The B, C, and 10 Dq parameters were calculated using the
following equations [34]:
2T2g

t5 
= 0,
4T1g

t4e

= 10 Dq −5B −4C,
4T2g

t4e

= 10 Dq +3B −4C,
2A2g, 2T1g

t4e

= 10 Dq − 2B −C.
(1)
The values of these ligand ﬁeld parameters are compa-
rable to those reported for other trivalent ruthenium com-
plexesinvolvingnitrogen,sulphurdonormolecules[35].The
values are ca. 70–90% of the free ion values. The consider-
able decrease in the Racah interelectronic repulsion param-
eter, B, suggests the presence of strong covalent bonding be-
tween the donor and the metal ions. The overall eﬀect will
be an increase in the observed Dq value; high Dq values6 Bioinorganic Chemistry and Applications
Table 3: Electronic spectral bands (cm−1) and ligand ﬁeld parameters of the Ru(III) and Rh(III) complexes.
Complex λmax (cm−1) Assignments ν2/ν1 10 Dq (cm−1) B( c m −1) C( c m −1) β
[Ru(HAPT)3]Cl3
13700 2 T2g → 4 T1g(ν1)
1.25 27342 443 2858 0.70 17240 2 T2g → 4 T2g(ν2)
23600 2 T2g → 2 A2g  2 T1g(ν3)
[Ru(HANPT)3]Cl3
13500
-do- 1.27 27383 470 2883 0.75 17260
23560
[Ru(HCBPT)3]Cl3
14060
-do- 1.27 27255 475 2705 0.76 17860
23600
[Ru(HCBNPT)3]Cl3
13520
-do- 1.28 27352 474 2866 0.75 17310
23540
[Ru(HFBPT)3]Cl3
13620
-do- 1.31 27277 539 2741 0.86 17930
23460
[Ru(HFBNPT)3]Cl3
14000
-do- 1.30 27309 538 2656 0.86 18300
23580
[Ru(HVPT)3]Cl3
13510
-do- 1.33 27795 565 2865 0.90 18030
23800
[Ru(HVNPT)3]Cl3
14060
-do- 1.29 26875 523 2551 0.83 18240
23280
[Rh(HAPT)3]Cl3
17600 1 A1g → 3 T1g
1.34 21950 435 1740 0.60 20210 1 A1g → 1 T1g(ν1)
27170 1 A1g → 1 T2g(ν2)
[Rh(HANPT)3]Cl3
17550
-do- 1.35 22060 445 1780 0.62 20280
27400
[Rh(HCBPT)3]Cl3
17260
-do- 1.32 22615 413 1655 0.57 20960
27580
[Rh(HCBNPT)3]Cl3
17300
-do- 1.35 21990 442 1770 0.61 20220
27300
[Rh(HFBPT)3]Cl3
17400
-do- 1.37 22290 478 1910 0.66 20380
28020
[Rh(HFBNPT)3]Cl3
17640
-do- 1.37 22815 481 1925 0.67 20890
28590
[Rh(HVPT)3]Cl3
17650
-do- 1.32 22618 414 1658 0.58 20960
27590
[Rh(HVNPT)3]Cl3
17460
-do- 1.34 22655 444 1775 0.62 20880
27980Vinod K. Sharma et al. 7
are usually associated with considerable electron delocaliza-
tion [36]. Rhodium(III) complexes exhibit electronic spectra
with transitions at 17260–17650cm−1, 20210–20960cm−1,
and27170–28590cm−1.Thesebandsresembletothoseofre-
ported transitions for other hexacoordinated rhodium com-
plexes [37]. The ground state for rhodium(III) ion is 1A1gin
octahedral ﬁeld, although in many instances only 1A1g →
1T1g spin allowed ligand ﬁeld transitions to be observed.
These transitions correspond to the 1A1g → 3T1g, 1A1g →
1T1g,a n d1A1g → 1T2g, respectively, which agree well with
an octahedral geometry. The B and 10 Dq values were calcu-
lated from the positions of their electronic bands using the
following equations:
ν1 = 10 Dq − 4B +
86(B)
2
10 Dq
,
ν2 = 10 Dq +12B +
2(B)
2
10 Dq
.
(2)
The ratios of the energies of ν2 and ν1 are in the range
1.32–1.37. The B values are 57–67% of the free ion value.
The decrease in B values from the free ion value suggests that
there is a considerable orbital overlap with strong covalency
in the metal ligand σ bond [38].
6. MAGNETIC MOMENTS
The room temperature magnetic moments of all the ruthe-
nium(III) thiosemicarbazone complexes lie in the range
1.08–1.90B.M., which are expected to be lower than the pre-
dicted value of 2.10B.M. This lowering may occur due to the
presence of lower symmetry ligand ﬁelds, metal-metal inter-
actions, or extensive electron delocalization in species [39].
Rhodium(III) complexes are diamagnetic and, as expected,
this is again consistent with octahedral geometry of nitrogen
and sulphur atoms producing a strong ﬁeld [40].
6.1. 1Hand 13CNMR
Coordination of thiosemicarbazones in the rhodium(III)
complexesarefurtherconﬁrmedby 1Hand13CNMRspectra
(see Table 4). The resonance for methoxy protons appeared
as a singlet at δ 3.65ppm in ligands and in complexes no
signiﬁcantchangewasobserved.Signiﬁcantazomethinepro-
ton signal, due to CH=N, was observed at δ 8.02–9.02ppm
region as a multiplet in ligands, and in complexes it has
shown a change as a downﬁeld shift and occurred at δ 8.20–
9.20ppm, indicating involvement of nitrogen in coordina-
tion. The proton peak of N−Hg r o u pa tδ 10.6–11.2ppm re-
mains the same in the ligands, and in the complexes it sug-
gested thatdeprotonation do not occurand it hasalso shown
ketoformoftheligands.Themultipletsasstrongbandsinre-
gion δ 6.2–8.2ppm were assigned to aromatic ring protons,
which also shifted downﬁeld in the complexes.
The 13C NMR spectra revealed the presence of expected
number of signals corresponding to diﬀerent types of car-
bon atoms present in the compounds. In ligands as well as in
complexes, −OCH3 group absorbs at δ 65.0–65.2ppm and
at δ 65.5–65.6ppm slightly downﬁeld to the methyl group
carbon due to the deshielding of the directly attached elec-
tronegative oxygen atom. No change on complexation to this
group occurs. The spectra of the ligands exhibit a strong
band at δ 179.2–180.2ppm and are assigned as C=Sg r o u p .
This band undergoes upﬁeld shift of δ 7.2–7.4ppm and oc-
curs at δ 171.9–172.8ppm. This has shown involvement of
thione sulphur in coordination. The signals due to azome-
thine carbon occurred at δ 162.3–165.2ppm as downﬁeld
peak, and on complexation they have shown shift to δ 160.5–
163.0ppm due to the resonance and also have given proof
that nitrogen is involved in coordination.
7. THERMAL STUDIES
The TGA data reveal that there is a good agreement with
the formulae as suggested from the elemental analyses. The
ﬁrst mass loss occurs within the temperature range 190–
300◦C, which corresponds to the removal of three chloride
ions of the outer sphere as HCl. The number of chelate rings
as well as the type of chelate rings around metal ions play
an important role in the thermal stability and degradation
of the complexes. Furthermore, it is known that the elec-
tronegativity and atomic radius of the central metal also af-
fect the thermal stability. No endothermic peak has been ob-
served, indicating absence of water molecule. Thermal inves-
tigations of [Ru(HAPT)3]Cl3 support the removal of the or-
ganic part of the ligand as PhNHCS fragments in the tem-
perature range 320–360◦C. The third step corresponds to the
removal of the three molecules of C7H5OCH3 at tempera-
ture range 400–480◦C. Final decomposition leaves a mixed
residue of Ru2O3−RuO2 at 680–695◦C. The same decom-
position pattern was observed for other complexes of ruthe-
nium and rhodium leaving residues of RuO2 and Rh2O3,r e -
spectively, in the temperature range 710–750◦Cl i k eac a r -
bonaceous matter.
8. ANTIBACTERIAL STUDIES
The results (Table 5) exhibit that complexes show moderate
activity against Bacillus subtilis and Pseudomonos aeruginosa.
The toxicity of the complexes was found better than parent
ligand owing to the chelation theory of Tweedy [41]. The
[Ru(HVPT)3]Cl3, [Ru(HAPT)3]Cl3,a n d[ R u ( H V N P T ) 3]Cl3
exhibited higher toxicity; this is due to the presence of elec-
tron donating group (OCH3) in these complexes while in
the same complexes of rhodium better toxicity was also ob-
served. The variation in the toxicity of diﬀerent complexes
against various organisms depends either on the imperme-
ability of the cells of the microbes or diﬀerences in ribosome
in microbial cells [42]. The enhanced eﬀect of complexes due
to chelation could increase the lipophilicity of the central
metal atom, which favours the permeation through the lipid
layers of the cell wall. On the other hand, the mode of action
of the compounds may involve the formation of hydrogen
bonds through azomethine group of the complexes with the
active centers of cell constituents resulting in the interference
with normal cell process. Besides, antibacterial activity could
not reach the aﬀectivity of the streptomycin. On the basis of8 Bioinorganic Chemistry and Applications
Table 4: NMR spectral data (δ, ppm) of the thiosemicarbazones and their rhodium(III) complexes.
Compounds
1H− 13C−
δ(CH=N) δ(N−H) δ(Ar−H) δ(OCH3) δ(C=N) δ(C=S) δ(O−CH3)
HAPT 8.02 (s) 10.9 (s) 6.2–7.0 (m) 3.62 (s) 162.3 179.2 65.0
HANPT 8.06 (s) 11.0 (s) 6.2–7.8 (m) 3.65 (s) 162.6 179.6 65.2
HCBPT 8.08 (s) 11.0 (s) 6.2–7.6 (m) — 163.2 180.0 —
HCBNPT 8.06 (s) 11.2 (s) 6.2–7.8 (m) — 163.8 180.3 —
HFBPT 9.00 (s) 10.9 (s) 6.3–7.2 (m) — 165.0 179.8 —
HFBNPT 9.02 (s) 11.1 (s) 6.6–8.0 (m) — 165.2 180.2 —
HVPT 9.02 (s) 11.0 (s) 6.8–8.0 (m) 3.60 (s) 164.2 179.5 65.0
HVNPT 8.08 (s) 11.2 (s) 6.2–7.8 (m) 3.61 (s) 163.9 180.2 65.2
[Rh(HAPT)3]Cl3 8.20 (s) 10.6 (s) 6.4–7.2 (m) 3.65 (s) 160.5 171.9 65.5
[Rh(HANPT)3]Cl3 8.28 (s) 10.9 (s) 6.5–7.6 (m) 3.66 (s) 160.8 172.2 65.5
[Rh(HCBPT)3]Cl3 8.26 (s) 11.1 (s) 6.6–7.9 (m) — 162.0 172.6 —
[Rh(HCBNPT)3]Cl3 9.20 (s) 11.0 (s) 6.8–8.2 (m) — 162.6 172.8 —
[Rh(HFBPT)3]Cl3 9.18 (s) 10.9 (s) 6.9–8.0 (m) — 163.0 172.6 —
[Rh(HFBNPT)3]Cl3 9.20 (s) 11.0 (s) 6.6–8.0 (m) — 163.0 172.8 —
[Rh(HVPT)3]Cl3 9.16 (s) 11.2 (s) 6.9–7.2 (m) 3.62 (s) 161.6 172.3 65.6
[Rh(HVNPT)3]Cl3 8.20 (s) 11.0 (s) 6.4–7.8 (m) 3.61 (s) 161.2 172.8 65.6
Table 5: Antibacterial screening data of thiosemicarbazones and their Ru(III) and Rh(III) complexes.
Compounds
Inhibition zone (μgmL−1)
Bacillus subtilis Pseudomonos aeruginosa
500 1000 500 1000
HAPT 7989
[Ru(HAPT)3]Cl3 14 17 13 16
[Rh(HAPT)3]Cl3 10 12 91 2
HANPT 71 0 71 1
[Ru(HANPT)3]Cl3 12 16 11 16
[Rh(HANPT)3]Cl3 10 14 10 13
HCBPT 61 0 69
[Ru(HCBPT)3]Cl3 13 16 12 16
[Rh(HCBPT)3]Cl3 11 16 11 14
HCBNPT 71 0 71 1
[Ru(HCBNPT)3]Cl3 14 18 15 19
[Rh(HCBNPT)3]Cl3 12 14 13 15
HFBPT 7961 0
[Ru(HFBPT)3]Cl3 13 16 13 17
[Rh(HFBPT)3]Cl3 10 13 10 12
HFBNPT 61 0 69
[Ru(HFBNPT)3]Cl3 14 17 13 16
[Rh(HFBNPT)3]Cl3 11 14 11 15
HVPT 91 2 91 1
[Ru(HVPT)3]Cl3 14 17 14 16
[Rh(HVPT)3]Cl3 11 14 11 13
HVNPT 81 0 91 1
[Ru(HVNPT)3]Cl3 15 18 14 18
[Rh(HVNPT)3]Cl3 12 15 12 14
Streptomycin 17 18 21 22Vinod K. Sharma et al. 9
the above studies, the structures in Figure 2 may be formu-
lated for the complexes.
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